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I .  Nark Accomplished 

During t h e  p e r i o d  Septeraber,  1964 - Februa ry ,  1965 p r o j e c t  

r e s e a r c h  was cczrried o u t  i n  t h e  c a t e g o r i e s  of  o p t i c a l  and e l e c t r o n  

microsco?e s tuc i i e s  of  p o l i s h e d  s e c t i o n s  of  n a t u r a l  s p i i e r u l e s ,  mag- 

n e t i c  s e p a r a t i o n s  on ocean-bot tom t r a w l i n g  samples ,  n o n d e s t r u c t i v e  

r a d i o a c t i v a t i o n  a n a l y s i s  of s p h e r u l e s  , and n o d e l  s t u d i e s  on unde r -  

w a t e r  c r a t e r i n g .  The l a s t  c a t e g o r y  i s  2. new one ,  and shows promise 

of  v e r y  i n t e r e s t i n ?  r e s u l t s .  These a c t i v i t i e s  a r e  d i s c u s s e d  i n  

n o r e  d e t a i l  below and i n  t h e  f o l l o w i n g  payes .  

A. X a g n e t i c  and n o n - n a g n e t i c  s e p a r a t i o n s  on f l o v - i n  samnles .  

T h i s  r e n a i n s  a y a r t  of  t h e  r e s e a r c h  p r o z r m  b u t  l i t t l e  was 

done on i t  duri i iy  t h e  p e r i o d  of t h i s  r e p o r t .  

3 .  Foiished-section e x m i n z t i o n s .  

F i y s .  1 6 2 show t h e  ?o l i s i ied  an3 e t c h e d  s e c t i o n  o f  a may- 

i i e t i c  s:>herule 250 n i c r o n s  i n  diilrrieter. Three :?;lases a r e  v i s i b l e  

i n  F ig .  2 ;  t h e s e  a r e  i .?atri>t n a t e r i a l  o f  unkno:in com;?osit ion,  s u b p a r -  

a l l e l  i n c l u s i o n s ,  p r o b a b l y  of i r o n  o x i d e ,  and u r ig i i t  m e t a l l i c  s p o t s  

u s u a l l y  l o c a t e d  a t  an i n t e r f a c e  between t h e  two main phases .  Note 

t h e  r a d i a l  arrangeri.ent of i r o n  oxide  i n c l u s i o n s  r e m i x i s c e n t  o f  

s t r u c t u r e s  found i n  s i l i c e o u s  chondru le s .  The 1)resence o f  u n o x i -  

d i z e d  r i e t a l  t e n d s  t o  c a s t  d o u b t  on a t e r r e s t r i a l  v o l c a n i c  o r i q i n  

€ o r  t h i s  s p h e r u l e  of  n a t u r a l  o r i r i r r .  

A nur:ber of  e l e c t r o n  pho ton ic ropraphs  have been mad2 a t  

d i f f e r e n t  n a z n i f i c a t i o n s  o f  t h e  e t c h c d  s u r f a c e  of  t h i s  s p h e r u l e .  

\ 
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Apparent r e l i e f  i n  t h e s e  photos  i s  inve r t ec !  from tlie t r u e  r e l i e f  

of t i le e t c h e d  s u r f z c e .  

F i g s .  1 6 2 apr>ears t o  have veen s e l e c t i v e l y  e t c h e d  away, l e a v -  

i n g  t h e  m a t r i x  m a t e r i a l  r e l a t i v e l y  more Frominent .  

however, t h e  ox ide  network was e tched  less  t h a n  tiie m a t r i x .  I n i -  

t i a l  e t c h i n g  removed t h e  m e t a l l i c  i n c l u s i o n s  c o m p l e t e l y ,  and 

t h e i r  former s i t e s  a r e  n o t  v i s i b l e  i n  any of  t h e  ? e e l s .  

Thus, t h e  b r i g h t  ox ide  network seen i n  

A c t u a l l y ,  

As seen  i n  F i g .  3 ,  t h e  ? r a i n  s i z e  i n  t l ie  n a t r i x  m a t e r i a l  i s  

n o t  d i s c e r n i b l e  even a t  a m a y i f i c a t i o n  of 4000x, a l t h o u g h  t h e r e  

i s  an i n d i c a t i o n  of l a r g e  y r a i n s  inbedded i a  f i n e r - g r a i n e d  m a t r i x  

m a t e r i a l .  This  cou ld  be due t o  e t c h i i i g  e f f e c t s ,  a bimodal d i s t r i -  

b u t i o n  of  g r a i n  s i z e s  i n  t i le same ?i iase ,  o r  t h e  p r e s e n c e  o f  two 

d i f f e r e n t  c r y s t a l l i n e  2hases  i n  t h e  m a t r i x .  A l i g h t e r  e t c h i n g  

t r e a t m e n t ,  shown i n  Fis. 4 ,  produccd a d i s t i n c t  bimodal e f f e c t  i n  

t h e  n a t r i x  R a t e r i a l ,  r i i t i i  rnany o f  t h e  lumpy a g c r e p a t e s  q i v i n g  an 

apPearaiice of c r y s t a l  f a c e s .  

Deeper e t c h i n s  and l i ig,ier n z g n i f i c a t i o n s  will be n e c e s s a r y  

t o  s t u d y  t h e  c i a t r i x  m t e r i a l  xorc c l o s e l y .  

I n  view of  o u r  f i n d i n ?  t h a t  Fe i s  t h e  on ly  major  r o c k - f o r n i n g  

c a t i o n  i n  East n a t u r a l  s p h e r u l e s  ve have examined, t h e  p re sence  of 

t h r e e  o r  f o u r  7iiases 05 d i f f e r e n t  c o r n ~ ~ ~ s i t i o n  i n  one such  5plie-i- 

u l e  i s  h a r d  t o  e x p l a i n .  Of course  i r o n  can e x i s t  a s  m e t a l l i c  i r o n  

and a l s o  i n  t i le  oxide forms of  w u s t i t e  (Fel-xOl),  n a ~ n e t i t e  

[ (FcO)x(Fe203)1-x] ,  and he ! tE t i t e  ( F e 2 0 3 ) ,  b u t  t h e s e  t h r e e  o r  f o u r  



phases  would  not be e x p e c t e d  i n  e q u i l i b r i u m .  If t e r r e s t r i a l  w e a t h e r -  

i n g  were i c i p o r t a n t ,  however, e q u i l i b r i u m  c o n d i t i o n s  would no  l o n g e r  

p r e v a i l ,  and t h e  a d d i t i o n e l  hydra t ed  forms y o e t h i t e  [FeG(Di:i)]  and 

l i m o n i t e  ( v a r i a j l e  composi t ion)  might b e  e x p e c t e d .  

C. Trawl ing  c o l l e c t i o n s .  

The r a r e - g a s  a n a l y s e s  on magnet ic  f r a c t i o n s  of  o u r  t r a w l  c o l -  

l e c t i o n s  f o r m e r l y  b e i n g  c a r r i e d  o u t  by IIerr i i iue ar:d by Aerr i l iue 

and T i l l e s  have been suspended t e m p o r a r i l y  due t o  r l e r r i h u e ' s  d e a t h .  

They will be c o n t i n u e d  and exFanded by T i l l e s ,  ho!cever, and o u r  

c a g n e t i c  s e p a r a t i o n s  on r e d  c l a y  samples  a r e  c o n t i n u i n g  f o r  t h a t  

pur;iose. U n o f f i c i a l  r e s u l t s  from a n o t h e r  l a b o r a t o r y  s u g y e s t  t h e  

f i n d i n g  of  a n o n - r a r e - g a s  cosmogenic i s o t o p e  i n  r e d  c l a y  m a t e r i a l  

su;)piicd by u s ,  and i f  t h i s  p r e l i n i n a r y  f i n d i n g  i s  conf i rmed i t  

will f u r t h e r  s t r e n g t h e n  t h e  s u s ? i c i o n  t h a t  some one o r  inore com- 

ponen t s  of o c e a n i c  r e d  c l a y s  o t h e r  t h a n  mic roscoF ic  s p i i e r u l e s  a r e  

a l s o  o f  e x t r a t e r r e s t r i a l  o r i g i n ,  

D. R a d i o a c t i v a t i o n  a n a l y s i s .  

A s e r i e s  of  r u n s  was ]:lade on a a l a c k ,  v e r y  s h i n y ,  nonmagnet ic  

s? ; ie ru le  180u i n  d i a m e t e r ,  T h i s  s p h e r u l e  ( f r o E  Lamont c o r e  A 167-1 ,  

37'39';j; 72°57.5'-ti) cane  frori  2 2 5  kr, SE of  Cape :iay. P rev ious  

i r r a d i a t i o n s  had produced n e g l i z i i t l e  a c t i v i t y  i a  t h i s  s:-,iicrule, 

and i t  i s  assumed t o  be i io l low.  The c u r r e n t  s e r i e s  of i r r a d i a t i o n s  

was of f i v e - a n d  t en -minu te  d u r a t i o n ,  and some a c t i v i t y  was induced  

by t h e s e .  E a r l y  r u n s  s;iov!ed t h e  ?rese:ice o f  ;:nS6 and ?!a24, b u t  



b e s t  r e s u l t s  were o b t a i n e d  a f t e r  a t en -minu te  i r r a d i a t i o n  

(Run NS 1 - S ) ,  where,  u s i n c  L? n e w - d e s i p  f a s t - o p e n i n g  r a b b i t  we were 

aLlc t o  beg in  c o u n t i n g  4 min. 49 sec.  a f t e r  t h e  end of i r r a d i a t i o n .  

Cne-minute counts  were made t o  s tudy  s h o r t  h a l f - l i f e  i i u c l i d e s  

such  a s  A l z 8  (2.4m) and h!,27 ( 1 0 . 2 m ) .  The t en -minu te  i r r a d i a t i o n  
t i n e ,  roughly  f o u r  h a l f - l i v e s  cjf A 1  2 %  , w s  long cnoupii t o  i n s u r e  

v i r t u a l  e q u i l i b r i u m  between p roduc t ion  and decay of 

Icce?iiig t h e  l o n z e r  h a l f - l i v e d  n u c l i d e s  below t h e i r  e q u i l i b r i u m  v a l u e s  

The r e s u l t i n g  s p e c t r a  c o n t a i n e d  :;,caks f o r  ;,ins6 and :.laz4, b u t  t h c  

f i r s t  few a l s o  s u g z e s t e d  an Alzs peak .  

s t a t i s t i c s ,  a p l o t  of  t o t a l  count  v s  t i n e  was made and siiowed 

e a r l y  decay w i t h  a h a l f - l i f e  around 2 . 8  miriutes,  s t r o n g l y  S U E -  

3 e s t i n g  t!:e p r e s e n c e  of 2.1 and/or  S i  i n  the sFherule.  Subsequent  

decay u f  tile t o t a i  spec t ruc i  proceeded w i t h  a h a i f - i i i e  o f  i i g p r ~ x -  

i rna te ly  20 Kin. ,  s u y y e s t i n z  t h e  p o s s i b i l i t y  of ;;227 b e i n 2  amoag 

tile i r r a d i a t i o n  p r o d u c t s .  Ti:us t h i s  sp l i e ru l e  appea r s  t o  have a t  

l e a s t  minor q u a n t i t i e s  o f  t i le normal rock- forming  c a t i o n s .  I t s  

h i g h l y  r e f l e c t i n g  s u r z a c e  and l ack  o f  m p e t i s x  a l s o  s u z z e s t  a 

n a t u r a l  c l a s s .  The s2 i i c ru l e  i s  i n t e r e s t i n g  because i t  i s  q u i t e  

d i f f e r e n t  f r o n  t h e  one o t h e r  n a t u r a l  g l a s s y  s;iecinen wc have found 

i n  ocean sed imen t s .  

w h i l e  

I n  o r d e r  t o  in?rove  the 

Ana lys i s  of  t h e  s!)ectra i s  c o n t i n u i n g .  

E. Model s t u d i e s  on under:,tater c r a t e r i n 2 .  

There a r e  t h i r t e e n  i s c l l - a u t h c n t i c a t e d  s i t e s  i n  t h e  world 

where f a l l i n g  m t e o r i t i c  masses have been l a r g e  enouc.;h o r  e n e r g e t i c  

enough t o  cause  c r a t e r s  i n  t h e  e p r t h .  A l l  t h e s e  known c r a t e r s  a r e  
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of  Recent o r  P l e i s t o c e n e  - 4 p .  

mor?hology i s  c r a t e r l i k e  a r e  o f  sus;xcteci  i q a c t  o r i z i n ,  and most 

o f  t h e s e  a r e  many k i l o m e t e r s  i n  d i m c t e r .  

m e t e a r i t e  l a r z e  enouzh t o  cause  c r a t e r i n g  on l a n d  s h o u l d  l e a v e  

some t r a c e  on t h e  ocean f l o o r  i f  it f a l l s  i n t o  t h e  sea.  Two mech- 

anisms a re  ; i o s s i b l e :  a c t u a l  c r a t e r i i , ?  of  t h c  ocean f l o o r  i f  

tile m e t e o r i t e  i s  l a r ? e  enoug!!, o r  p r o d u c t i o n  of some n o n - c r a t e r l i k e  

c i r c u l a r  f e a t u r e  due t o  shock-wave c f f e c t s  i f  t h e  c r a t e r  i t s e l f  

does n o t  r e a c h  t h e  ocean f l o o r .  

: any o t i ie r  o l d e r  s i t e s  whose 

-,:e s u g g e s t  t h a t  a 

A model s t u d y  o f  unde rwa te r  c r a t e r i n ?  was p r o j e c t e d  i n  t h e  

? r e v i o u s  s i x - n o n t h  r e p o r t ,  and p r e l i m i n a r y  r c s u l t s  on t h i s  a r e  

now a v a i l a b l e .  1: r a t h e r  c rude  c x p e r i m c n t a l  s e t u p  s u f f i c e d  f o r  

t h e  i n i t i p . 1  v c r k ;  t h i s  i s  shown iz Fi:. 5. The impact  envi ronment  

c o n s i s t e d  o f  a s n a l l  body of v a t c r  o v e r l y i n g  rwd. 

a c r a t e r - f o r n i n g  m e t e o r i t e  was s i ;nulSted by the  cx;>losion of  a 

o n e - f o o t  l e n g t h  of i ' r i zaco rd  PETii 400  d e t o n a t i n g  f u s e ,  see?i hang ing  

be low t h e  t r i p o d  i n  F ig .  5. This  filsc i s  i n i t i a l l y  d e t o n a t e d  with 

a b l a s t i n g  cap. Once s t a r t e d ,  tile d e t o n a t i o n  t r a v e l s  a l o n g  t h e  

l enp t l i  o f  t h e  f u s e  a t  5-G I:n/sec, c a u s i n g  a shock f r o n t  p r o ? a g a t i n g  

downward. Th i s  s i m u l a t e s  t l ie shock e f f e c t s  produced  a l o n g  t h e  p a t h  

of a m e t e o r i t e  f a l l i n g  tiirougii the atmosphere.  

The impact  of 

If  t h e  bottom end 
m t  + l x n  D - ; v - n c ~ v , . l  l n - - + l *  ~ ~ + n m C l c  ' \ a l r r r . i  + h n  i . r q + n r  n r  mrr,? C I ? V F Q , - P  +,he 
U A  L i A b  1 L A I d C L L W A U  L G 1 L i ; L I L  b A L b i I U a  d b A L # w  L I A V  . v C 1 L u A  w 1  a i l u u  d w ~ & . u w c .  

d e t o n a t i o n  o f  t h i s  end p a r t  s i i nu la t e s  t i i e  c r a t e r - f o r m i n g  impact ,  

a long  w i t i i  i t s  a s s o c i a t e d  shock wave. 

R e s u l t s  of  the t h r e e  cases s t u d i e d  a r e  shown i n  F i g s .  6 , 7  E 8, 



- G -  

and d i n e n s i o n s  o f  tile c r a t e r l i k e  f e a t u r e s  yroduced a r e  l i s t e d  i n  

Table  1. I n  Case 1 (Fig.6)  t h e  p r i x a c o r d  vas stlspended v e r t i c a l l y  

w i t h  i t s  bottom end i n  t i l e  a i r  about 3/4" above t h e  w a t e r  s u r f a c e .  

Depth of t h e  w a t e r  was :tb)Gut 3 /4" .  T h i s  arranTement s i m u l a t e s  an 

a i r  b l a s t  o f  tlie Podkammenaya-Tun~uska t y n e  , which o c c u r r e d  i n  

l l u s s i a  i n  1908, i n  which presuraably o n l y  shock e f f e c t s  were s i g n i f -  

i c a n t .  :rote t h a t  a s m a l l  d e p r e s s i o n  \:as I?roduced i n  t h e  mud by  

t?ie shock vave.  In Casc 2 ( F i g .  7 ) t h e  p r i n a c o r d  wzs suspended 

v e r t i c a l l y  w i t h  i t s  bottorli end 1 / 4 "  below t h e  w a t e r  s u r f a c e  t o  s i m -  

u l a t e  a c r a t e r f o r m i : l g  r e t e o r i t e  h i t t i n :  w a t e r .  Depth of  t h e  wa te r  

was 7/8" .  The c r a t e r  yrodaced was much l a r ,Te r ,  .resumably due 

t o  tile tampinp e f f e c t  o f  tlie o v e r l y i n g  w a t e r  and t h e  a d d i t i o n  t o  

t h e  shock-wave o f  t h e  c r a t e r - f o r m i n g  e f f e c t  of  t h e  e x p l o s i c n .  Tae 

c r a t e r  i s  squa re - shaped ,  due :>oss ib ly  t o  edge e f f e c t s  from t h e  d i r t  

w a l l s .  I t  was s u r ; ) r i s i n s  t i i a t  n o  ?renounced rims were produced;  

j u d g i n g  by m a t e r i a l  d e ? o s i t e d  on sa r round i i i c  f o l i a g e ,  rnost e jec ta  

s h o t  UT a t  a h i g h  a n g l e  i n  a j e t  o r  cone o f  w a t e r  and mud. I n  Case 

3 ( F i g .  8 )  t h e  p r i c a c o r d  vas sus?ended v e r t i c a l l y  ove r  a mud s u r -  

f a c e  w i t h  t h e  end e x t e n d i n g  1" i r i to  tlie mud. 

w a t e r .  T h i s  s i t u a t i o n  ::as thought  t o  be c l o s e r  t o  a c r a t e r - f o r m i n g  

n e t e o r i t e  s t r i k i n g  a l a n d  s u r f a c e .  The c r a t e r  ;iroduced w a s  appre -  

c i a b l y  s n a l l e r  and s h a l l o w e r  than  the underwa te r  e x p l o s i o n  and de -  

f i n i t e  rims of e j e c t e d  m a t e r i c l  were p r e s e n t .  X e i a t i v e  d e p t h s  of  

t h e  t h r e e  c r a t e r s  may n o t  bc p a r t i c u l a r l y  s i g i i i f i c a n t  i n  t h i s  s e r i e s  

or' e x p e r i m e n t s  because  ;,$e iiad poor c o n t r o l  ove r  d e p t h  o f  t h e  

Tkere w8.s no o v e r l y i n g  
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u n d e r l y i n g  mud, and b o t t o m  e f f e c t s  :my ;lave been a p p r e c i a b l e .  We 

f e e l ,  however, t h a t  t h e  r e s u l t s  o b t a i n e d  t o  d a t e  j u s t i f y  a more 

e l a b c r a t e  s e r i e s  of ex?>erir . icnts.  Tile one t e n t a t i v e  c o n c l u s i o n  r eache  

s o  f a r  i s  t h a t  shock e f f e c t s  a lone  ;)reduce a l a r g e r  d i a m e t e r / d e p t h  

f e a t u r e  i n  w a t e r  t h a n  e x y l o s i o n  c r a t e r i n g .  

11. P r o j e c t e d  :'!ark 

A. ih!aZnetic and non-magnet ic  s e p a r a t i o n s  on f l o w - i n  samples .  

:laglietic s c ? a r a t i o n  work tr i l l  be c o n t i n u e d  i n  c o n n e c t i o n  

w i t h  ou r  c o n t i n u i n g  e f f o r t  t o  supply  samples  t o  l a b o r a t o r i e s  

r e q u i r i n g  t!rem i n  t h e i r  scrrrcii f o r  cosmogenic n u c l i d e s .  Xagne t i c  

s e p a r a t i o n s  f o r  sphe ru le s  f r o n  o u r  own c o l l e c t i o n s  w i l l  be c a r r i e d  

o u t  c o n c u r r e n t l y ,  and mic roscop ic  s e a r c h  of t h e  nonmagnetic f r a c -  

t i o n s  of  red  c l a y  c o r e s  will t c  con t inued .  

I). Polished-section e x a n i n a t i o n s .  

The q u e s t i o n  of t h e  :;or;siLle e x i s t e n c e  of two phases ,  o r  a 

bimodal d i s t r i b u t i o n  of g r a i n  s i ze s ,  i n  t h e  m s t r i x  c i a t e r i a l  o f  t h e  

n a t u r a l  s p h e r u l e  examined i s  an i n t e r e s t i n ?  one. !!liile t h e  r e f l e c t -  

ing ox ide  network l o o k s  l i k e  a quench phenomenon, t h e  equidirnen- 

s i n n a l  c r y s t a l s  found i n  tile n a t r i x  m a t e r i a l  look  l e s s  l i k e  quenci; 

i n t e r f a c e s  between t h e  r e f l e c t i r l g  oxide  network and tiie groundmass 

R a t e r i a l  s u c g e s t  t h a t  t e r r e s t r i a l  o x i d a t i o n  has not been i q o r t a n t  , 
and t h e  obse rved  phases  a r e  ? a r t  o f  t h e  p r e t e r r e s t r i a l  f a b r i c  o f  

t i ie  s p h e r u l e .  

? e e l  s t u d i e s  are capab le  ~f g r e a t e r  r e f i n e m e n t  and s r e a t e r  
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enlargement .  

be examined by means of o p t i c a l  :; ,l~otomicrograplly cou:?led w i t h  e l e c -  

t r on pi lo t omi c r o  g r ap iiy . 

This  v i 1 1  be done,  and more n a t u r a l  s p h e r u l e s  w i l l  

C. Trawlin,o c o l l e c t i o n s .  

T r a v l i n g  c o l l e c t i o n s  a r e  beinE iilade c o n t i n u a l l y  by t h e  VE I. i 

and CONRAD, and examii ia t ion o f  them f o r  e x t r a t e r r e s t r i a l  i n a t e r i a l  

will con t inue .  

was schedu led  s o u t h  of  A u s t r a l i n  i n  ti;? hope of  d r e d g i n 9  ap 

a u s t r a l i t e s ,  

avrai t e d .  

A s e r i e s  o f  t r a w l  ru:is w i t h  a f i v e - f o o t  S l a k e  trawl 

The a r r i v a l  of t h e s e  sed iment  c o l l e c t i o n s  i s  y e s e n t l y  
I 

D. Nondes t ruc t ive  r a d i o a c t i v a t i o n  a n a l y s i s .  

A proposp.1 h a s  been s u b n i t t e d  t o  AZSA f o r  examinat ion  o f  sam- 

p l e s  of l u n a r  d u s t  and ?t;nar rock fragcierrts, t o  bc c a r r i e d  oiit 

l a r g e l y  under  t h e  ? r e s e n t  g r a n t .  

work would i n v o l v e  nondes t r t l c t ive  r a d i o a c t i v a t i o n  a n a l y s i s  of tile 

samples .  I t  i s  expec ted  t h a t  t h e s e  samp'res will c o n t a i n  indre o f . '  

t h e  major  rock- forming  ccrtions than have t h c  magnet ic  s p h e r u l e s  

ana lyzed  t o  d a t e ,  and t h F t  t h e  t echn iques  f o r  r a p i d  a n a l y s i s  of 

t h e s e  components evolved  under  the  p r e s c i i t  g r a n t  w i l l  p rove  v e r y  

u s e f u l  i n  t h i s  endeavor .  Two approaches t o  t h e  a n a l y t i c a l  problem 

a r e  b e i n c  - c o n s i d e r e d ,  as  fo l lows :  

An impor t an t  p a r t  o f  th is  new 

1. E lemen ta l  a n a l y s i s .  S tandard  s p e c t r a  would be o j t a i n e d  

f o r  up t o  ten e lements  expec ted  t o  be i n  t h e  samples .  

A computer p r o c r a r  would be s e t  up t o  c a r r y  o u t  l e a s t  
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s q u a r e s  s o l u t i o n s  f o r  t hese  s y e c t r a  i n  s p e c t r a  of  samples  

o f  unknown comi: o s  it i on. 

2 .  S?ectru;i; ana logy .  S t anda rd  s c e c t r a  would be o b t a i n e d  f o r  

a s  many rock  ty-,cs 2s p o s s i b l e .  The spec t rum of  ar, un-  

known rock  c o u l d  then  be compared t o  t h e s e  and i t s  com- 

~ o s i t i o n a l  t y p e  determined by ana logy  w i t h  t h e  s p e c t r a  o f  

known rock  t y p e s .  

A d e c i s i o n  between t h e s e  t x o  methods has  n o t  y e t  been made, and 

e l emen t s  o f  b o t h  may be adoylted. A s t a r t  w i l l  be  zade  on o b t a i n -  

i n g  t h e  b a s i c  d a t a  n e c e s s a r y  t o  b o t h .  

E .  ;;ode1 s t u d i e s  on unclerrsF.ter c r a t e r i n g .  

Th i s  work w i l l  c o n t i n u e  by exan i i i i ng  t!te e f f e c t s  produced 

by v a r i a t i o n s  i n  t h e  Ce:itii oE water aiicl a n g l e  of i n f a l l .  Even- 

t u a l l y  a more c o n t r o l l a b l e  i q j a c t  envi ronment  will b e  sough t  , 
c i t l i s r  by c o n s t r u c t i c n  of b e t t e r  f a c i l i t i e s  o r  S'J s e e k i n g  t h e  loan  

of e x i s t i n g  f a c i l i t i e s  a t  ano the r  s i t e .  

I1 I . Acknovled,nment 

The o p ? o r t u n i t y  t o  c a r r y  out t h e  work d e s c r i b e d  i n  tiiis 

r e p o r t ,  made p o s s i b l e  by NASA Grant 2 3 2 - 6 2 ,  i s  Z r a t e f u l l y  acknow- 

1 nrl"n,l 
IL,U&L.U. 

I tesnec t f  u l l y  s u b m i t t e d  , 

' J i l l i a n  A.  Cass idy  
(Research  S c i e n t i s t )  
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